
Sandia National Laboratories is a multimissionlaboratory managed and 
operated by National Technology & Engineering Solutions of Sandia, LLC, 
a wholly owned subsidiary of Honeywell International Inc., for the U.S. 
�'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�H�U�J�\�·�V���1�D�W�L�R�Q�D�O���1�X�F�O�H�D�U���6�H�F�X�U�L�W�\���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q���X�Q�G�H�U��
contract DE-NA0003525.
SAND No. ____________

Enhancing the Capabilities of the Advanced Power 
Electronic Conversion Systems (APEX) Laboratory

The APEX lab is a Sandiaresearchfacility
dedicatedto the developmentof advanced
hardwaretopologiesand intelligentcontrol
strategiesfor utility-scale energy storage
applications.

The�O�D�E�·�Vcapabilitiesaredesignedto address
researchchallengesat all stagesof power
converterdevelopment,from designto end-
use application. Development efforts in
FY20 built on the initial lab design,which
was completed in FY19. Capabilities
introducedin FY20 focus specificallyon
advanced component integration and
exploration of new power electronics
applicationareas.

Overviewof Capabilities

Despitebeinga difficult yearfor hardware-
based R&D, the APEX lab is actively
producing high quality prototypes to
supporta varietyof projectsin the power
electronicsthrustarea. A selectionof these
projectsarefeaturedbelow.

New Capabilities
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Projects& Prototypes

To keeppacewith an expandingportfolio
of projectsand rapid increasein hardware
developmentactivities,the APEX lab team
grewconsiderablyduringFY20. New team
membersinclude postdoc researchersand
subject matter experts in high voltage
testing, precision instrumentation, and
electrical/mechanicalfabrication.

Growing the Lab Team

AC-AC Power 
Conversion Systems
To support the development of  
solid state transformers and 
power conversion systems for 
interconnecting asynchronous 
�J�U�L�G�V�����W�K�H���O�D�E�·�V���H�[�L�V�W�L�Q�J���S�R�Z�H�U��
converter test system was 
augmented with an additional 
3-phase 30kW grid simulator.

DC Circuit Protection
Solid state circuit protection is 
an emerging application with 
significant implications for 
energy storage. A new testbed 
system enables safe 
experimentation on novel 
circuit breaker topologies with 
line voltages up to 2kV and 
fault currents up to 960 A. 

Characterization of  
Advanced Passives
Passive components are 
typically assessed with idealized 
excitation waveforms. A new 
test station designed around a 
high power, high bandwidth 
power amplifier allows accurate 
and repeatable performance 
assessments under practical 
operating conditions. 

Thermal Analysis
Thermal stressors are the 
number one cause of  reliability 
issues for components and 
integrated systems. An 
environmental chamber and 
new thermal monitoring system 
supports the development of  
active thermal management 
schemes for high reliability in 
challenging environments.   

Modular Energy StorageSystemArchitectures
This project explores possibilities for using power electronics to 
address the inherent limitations of  conventional battery storage 
system architectures. The goal of  the project is to identify the 
optimal system structure for improving the flexibility, reliability, and 
longevity of  a battery installation. This involves extensive 
experimentation using hardware prototypes, such as the dual active 
bridge converter shown on the left. 

Battery Module Cycling
This project explores the difference in performance, safety, and 
reliability between different battery module configurations. The 
custom module prototype shown on the right enables cell-level 
voltage, current, and temperature measurements and provides a 
standard platform form equitable comparison of  module types.

Reliability Assessmentof V-GaN Diodes
The system shown above enables long-term assessments of  the 
performance and reliability of  vertical GaN diodes under 
conditions typical of  practical power conversion applications. The 
system consists of  an outer protective enclosure, which ensures 
operator safety, and a custom half-bridge converter. The converter 
may be configured to apply a predetermined profile of  electrical 
and thermal stresses to the devices under test.

Bidirectional PowerConverterTestbed
�‡ 2x Grid simulators,30kW,3-phase480VAC

�‡ 2x ESSemulators,10kW,950VDC

�‡ 12x Batterymoduleemulators,1kW,50VDC

�‡ 144-Channelcellemulator,5A, 8VDC

�‡ All sourcesbidirectionalandfault tolerant

�‡ Sourceemulationperformedin real-timesimulator

DC Protection DeviceTestbed
�‡ High powerDC source,30kW,2kV

�‡ Electronicload,24kW,960A

�‡ Opto-isolatedsignalinputs

PassiveComponentAnalysisSystem
�‡ High bandwidthpoweramplifier,±60V, ±30A

�î Amplifieroperatesin CV/CI with 200kHz bandwidth

�î Excitationwaveformsexportedfrom real-timesimulations

�î Customtransformersfor scalingcurrents/voltages

�î DC biasinjectioncircuitfor testingup to 1.5kV

�‡ Dedicatedthermalmonitoringsystem

Design and Fabrication
�‡ Industrystandarddesignandsimulationsoftware

�‡ Rapid prototyping systemfor fast preparationof
experimentalpowerconversionhardware

�‡ State-of-the-artelectricalfabricationandassembly

�‡ Lightmechanicalfabrication
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